

















on	 which	 the	 product	 could	 be	 maintained	 so	 as	 to	 have	
a	 substantive	 residual	 life	 during	 the	 residual	 product	 life	
cycle.	 Every	 system	 has	 a	 number	 of	 subsystems	 and	 each	
subsystem	 may	 have	 a	 number	 of	 maintenance	 significant	
precipitating	 factors	 (MSPF),	 whose	 in-depth	 analysis	 into	
risk	and	potentiality	of	failure	may	give	necessary	feedback	to	
the	reliability	centered	maintenance	(RCM)	logic	to	determine	















is	 done	 through	 failure	mode	 effects	 and	 criticality	 analysis	
(FMECA)	using	risk	priority	number	(RPN).	
2. a case study
The	 case	 study	 is	 carried	 out	 for	 road	mobile	 launcher	




The	 authors,	 in	 servicing	 the	 present	 system	 under	
consideration	have	 tried	 to	know	the	preference	amongst	 the	
critical	items,	for	product	specific	servicing	based	on	the	RCM	
logic.	 This	 needs	 identifying	 and	 analyzing,	 for	 each	Hyper	
Critical	unit	or	subsystem,	the	possible	maintenance	significant	
precipitating	factors	(MSPF)	and	subjects	them	to	a	quantitative	
analysis	 to	 obtain	 likelihood	 coefficient	 (LC).	 Each	 MSPF	
may	have	upper	and	lower	level	for	malfunctioning,	known	as	
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to	be	used	 for	deciding	on	 ranking	of	 the	critical	 items,	 for	prioritization	of	condition	monitoring	based	 risk	and	
reliability	 centered	maintenance	 (CBRRCM).	As	 time	passes	 any	 equipment	 or	 any	product	 degrades	 into	 lower	
effectiveness	 and	 the	 rate	 of	 failure	 or	malfunctioning	 increases,	 thereby	 lowering	 the	 reliability.	Thus	with	 the	
passage	of	 time	or	a	number	of	active	 tests	or	periods	of	work,	 the	 reliability	of	 the	product	or	 the	 system,	may	
fall	 down	 to	 a	 low	value	known	as	 a	 threshold	value,	 below	which	 the	 reliability	 should	not	 be	 allowed	 to	 dip.	
Hence,	 it	 is	 necessary	 to	fix	up	 the	normal	basis	 for	 determining	 the	 appropriate	points	 in	 the	product	 life	 cycle	
where	predictive	preventive	maintenance	may	be	applied	in	the	programme	so	that	the	reliability	(the	probability	of	
successful	functioning)	can	be	enhanced,	preferably	to	its	original	value,	by	reducing	the	failure	rate	and	increasing	
the	mean	 time	between	failure.	 It	 is	very	 important	 for	defence	application	where	 reliability	 is	a	prime	work.	An	
attempt	is	made	to	develop	mathematical	model	for	risk	assessment	and	ranking	them.	Based	on	likeliness	coefficient	
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The	 number	 evaluated	 [Nd]j	 from	 the	 Eqn.	 (1)	 is	 the	
outcome	 of	 approximate	 reasoning	 algorithm	 consisting	 of	
fuzzy	 mathematical	 formulation,	 relating	 to	 one	 or	 more	
factors,	justifiably	called	maintenance	significant	precipitating	
factors	 (MSPF).	With	 the	 relative	weights	 as	 given	by	RPN	
values,	it	may	be	found	out	for	specific	values	appearing	in	the	
jth	 failure	mode.	Let	 us	 assume	 that	 the	 precipitating	 factors	
denoted	 by	 f(x)	 (i.e.	 a,b,…etc.)	 are	 quantified	 by	 the	 fuzzy	

















on	 the	 basis	 of	 materials	 involved	 and	 the	 cost	 of	 the	 time	
taken	in	investigation	measured	by	man	hour	spent	expressed	
in	rupees.
3. decIsIoN IN regard to PerIodIc or 
PredIctIve PreveNtIve maINteNaNce 
Both	 periodic	 and	 predictive	 preventive	 maintenance	
(PPPM)	may	 be	 followed	 depending	 upon	 the	 feasibility	 to	
reduce	the	failure	rates	of	the	few	identified	critical	elements	
or	 subsystems	 and	 thereby	 increase	 the	mean	 time	 between	
failure	(MTBF).	This	consequently	helps	us	in	determining	the	
residual	life	of	the	system	as	a	whole.	For	each	of	the	critical	
unit	 or	 subsystems,	 there	 are	 again	 various	 Maintenance	
significant	 precipitating	 factors	 (MSPF),	 which	 are	 having	
upper	and	lower	bounds.
Systematic	 flow	 diagram	 shows	 the	 specific	 detailed	




Table 1. Name of units of system with their RPN values3
Sl 
No.

























4 DCV1 168* I




7 DCV2 144* III
8 Pump 96 Threshold
9 Motor 80
Table 2. Name of units of system with their criticality category
S/n from Table 1 Designated by Name of unit /Subsystem Category RPN Value rank Relative worth
4 A DCV1 Super	critical 168 I (168/672)=0.25
5 B Tilt	cylinder Hyper	critical 144 II (144/672)=0.21
7 C DCV2 Hyper	critical 144 III (144/672)=0.21
3 D Pressure	line	filter Hyper	critical 120 IV (120/672)=0.18
8 E Pump Threshold 96 - 	(96/672)=0.15
∑=672
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It	may	be	stated	that	if	λ>	1,	it	would	be	judicious	enough	
to	 have	 the	 total	 system	 on	 a	 condition	 monitoring	 based	























Using	 fuzzy	 method	 for	 evaluating	 the	 precipitating	
factors	 in	each	mode	and	using	 the	RPN	value	as	weightage	
for	each	mode	of	failure,	a	quantified	decision	making	equation	
for	 likelihood	 coefficient	 could	 be	 developed	 to	 find	 out	
if	 any	 failure	mode,	 out	 of	 the	 critical	modes	 should	 be	 put	
on	 condition	 based	 continuous	 monitoring.	 The	 author	 has	
been	trying	this	as	a	new	methodology	while	considering	the	
evaluation	of	the	residual	life	of	the	equipment.
4. rIsk QuaNtIfIcatIoN aNd 
classIfIcatIoN 
Risk	to	be	denoted	by	(R)	can	be	described	as	a	set	of		(i)	
risk	 elements.	According	 to	Kaplan	 and	Garrich4	 the	 risk	 is	
given	by	Eqn.	(5)	.
[ ] { , , ( )}R Si Pi Xi u= 																																																							(5)
where	 Si is risk scenario,	 which	 is	 multidimensional;	 Pi 
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Table 3. Maintenance significant precipitating factors (msPf) of the system
Figure 1. Reliability and condition based predictive preventive 
maintenance.










Selvik	 and	 Avent7 have	 advocated	 in	 their	 paper	 the	
usefulness	of	using	risk	and	reliability	centered	maintenance.	
Risk,	 as	 it	 is	 seen,	 is	 dependent	 on	 both	 (i)	 event	 and	
consequences	 of	 the	 events	 and	 (ii)	 uncertainties	 involved.	
Uncertainties	involved	may	result	in	a	drastic	change	of	time	
schedule	and	the	target	objectives,	as	well	as	loss	of	reputation.	
Such	 uncertainties,	 though	 can’t	 be	 assessed	 quantitatively,	
researchers	try	to	evaluate	qualitatively,	by	giving	the	scale	of	
high,	low,	and	medium	(H,	L,	and	M),	respectively,	to	ascertain	








Figure 3.  Losses threatened by risk.
5. QuaNtItatIve evaluatIoN of rIsk
Usual	method	for	assessing	the	risk	is	 through	potential	
losses	(financial)	in	terms	of	expenditure	for	servicing,	repair,	
maintenance	 including	 cost	 of	materials,	 spare	 parts,	 etc	 for	
each	maintenance	significant	precipitating	factor	(i)	of	a	hyper	
critical	 item	 or	 sub-system	 J.	 Total	 risk	 involved	 may	 be	
expressed	by	the	relationship:
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where	i,	is	the	attribute	of	the	risk.	Here	it	is	the	characteristic	
probability	of	MSPF,	as	shown	in	Table	3.		 1 2, ,...J J iJπ π π  	are	
the	total	monitory	losses,	while	W1j, W2j	..	are	the	precipitating	






total	 failure	 of	 system	 considering	 all	 the J	 subsystems,	 the	










= ∑                                          (7)
Matrix I Matrix II
Risk Criteria a b c d g.m. Worth
Degree	of	uncertainty a 1 4 6 2 2.632 0.491
Degree	of	sensitivity b 1/4 1 2 1/4 0.594 0.111
Degree	of	importance c 1/6 1/2 1 1/5 0.359 0.067
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From	Matrix	 IV,	 λ
avg.
	 =	 4.056,	 	N	 -	Number	 of	 criteria	
used,	Viz.	4




λ − −= = =
− −
Now	the	consistency	 ratio	C.R.	 is	given	as	 (C.I.)/(R.I.),	
where	the	values	of	R.I.		are	to	be	obtained	from	the		following	
Table	given	by	Saaty8,	based	on	N.
CR=0.0019/0.90	 =	 0.021	 which	 is	 much	 less	 than	 0.1,	
hence	 the	assumptions,	based	on	 test	and	practices,	 reflected	
in	Matrix	I,	which	evaluates	the	relative	worth	of	each	of	the	
significant	criteria	for	risk	are	justified.
N 1 2 3 4 5 6 7 8
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| |Threshold Th ThRisk W= π × 																																																(10)
where Thπ is	 the	 expenditure	 in	 the	 event	 of	 failure	 or	
manufacturing	of	the	thresholding	unit
ThW -the	relative	worth
Risk	number	for	the	system	 | |SystemRN 	based	on	the	failure	
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Similarly,	 for	 units	 B,	 C,	 D	 the	 Risk	 number	 can	 be	
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Based	 on	 the	 data	 obtained	 from	 the	 history	 of	 costs	
involved	 in	 repairing	 the	units	A,	B,	C,	D	 failing,	 and	costs	






| | 20000 0.491 10000 0.111 15000 0.067
													20000 0.331 18555
ARisk = × + × + × +
× =
| | 50000 0.491 25000 0.111 25000 0.067
														150000 0.331 78650
BRisk = × + × + × +
× =
| | 20000 0.491 10000 0.111 15000 0.067
														20000 0.331 18555
CRisk = × + × + × +
× =
| | 5000 0.491 2000 0.111 5000 0.067
															5000 0.331 4667
DRisk = × + × + × +
× =
| | 5000 0.491 2000 0.111 15000 0.067
																							20000 0.331 10302
ThresholdRisk = × + × + × +
× =
Using	Eqn.	(9),	we	can	obtain	 | |SystemRisk as
| | 0.25 18555 0.21 78650 0.21 18555
																				0.18 4667 25891.86
SystemRisk = × + × + × +
× =















Observed Value Min Limiting ValueFunction Value









The j	values	of	 jNd 		are	obtained	using	Eqn.	(1)
1 2| | ( ) [( ) ( ) 168(0.33 0.33) 110.88A A xA xANd RPN f f= + = + =




Financial loss due 
to risk factor (Rs)
























Table 4. Relative Worth’s and cost data based on risk criteria
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1 2| | ( ) [( ) ( ) 144(0.33 0.5) 118.58B B xB xBNd RPN f f= + = + =
1| | ( ) [( ) ] 144(0.33) 47.52C C xCNd RPN f= = =
1| | ( ) [( ) ] 120(0.5) 60D D xDNd RPN f= = =
1| | ( ) [( ) ] 96(1) 96Threshold Threshold xThresholdNd RPN f= = =
Using	Eqn.	(2)	 | |SystemNd 	is	obtained	as






















































































































basis	of	combined	effect	of	 1β 	and	 2β . 
6. result aNd dIscussIoNs




 Figure 4.  Factor Xa (DCV-1).
 Figure 5.   Factor Xb (tilt cylinder).
  Figure 6. Factor Xc (DCV-2).   
Figure 7. Factor Xd (filter clogging).
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By	 using	 the	 quantitative	 decision	 making	 equation	
developed,	 it	 is	 possible	 to	 prioritize	 the	 risk-based	






Based	 on	 factors	 1β 	 and	 2β ,	 suggested	 by	 the	 author,	
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Critical sub-
systems 1β 2β 1 2( )β + β
Relative worth on the basis of  
1 2( )β + β
Ranking on the basis of  
1 2( )β + β
A 1.155 1.801 2.956 0.1944 II
B 1.234 7.634 8.868 0.5834 I
C 0.495 1.801 2.296 0.1510 III
D 0.625 0.453 1.078 0.0709 IV
∑=15.198
Table 5. Relative Worth’s of the factors on the basis of combined effect of 1β  and 2β
